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Chapter 6 Conclusions and Further Recommendations 

 

 

6.1 Conclusions 

 

In this thesis, sol-gel-derived Mg and Zr doped ZnO thin films and thin 

film transistors were proposed. The material and physical properties of Mg 

and Zr doped ZnO thin films are thoroughly discussed. In addition, the 

effects of Mg and Zr dopants on the electrical performance of Zn(1-x)MxO 

thin film transistors are also comprehensively investigated. Finally, the 

(Ba,Sr)TiO3 high-k gate insulators are utilized to improve the electrical 

characteristics of Zn0.97Zr0.03O-TFTs. The main results of these studies are 

summarized as below: 

In Chapter 3, sol-gel-derived n-type Zn(1-x)MgxO (x= 0~0.45) thin films 

and thin-film transistors (TFTs) with active channel layers made of the 

films are presented. The Mg doping effectively increased the optical 

transparency, grain size, and densities of charge carriers, donors, and 

grain-boundary trap states of the films. The donor level of the ZnO films is 

found to be 0.27 eV below the conduction band. It is identified with the 

previously reported deep-level defect L2, either an oxygen vacancy or the 

zinc interstitial. The depletion region in the grains increased with amount of 

Mg doping and resulted in almost depleted grains in the active channel 

layers at x = 0.2, where the TFT showed an enhancement mode and an 

on/off ratio of 106. The estimated solubility of MgO in ZnO is around x = 

0.25, at which a minor precipitate of the MgO phase presumably begin to 
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precipitate on the grain boundaries. That resulted in a saturated charge 

carrier concentration and degraded TFT performance. 

In Chapter 4, we found that the crystallinity of sol-gel derived 

Zn(1-x)ZrxO thin films degraded with more Zr dopant, and the grain size and 

surface roughness also decreased with higher x values of Zn(1-x)ZrxO thin 

films. The off-state current of Zn(1-x)ZrxO-TFTs was dramatically 

suppressed due to the reduction of carrier concentration in Zn(1-x)ZrxO 

active channel layers with more Zr additive. It was also demonstrated that 

the carrier concentration of sol-gel derived ZnO films could be diminished 

by doping Zr ions instead of high temperature annealing. The reduction of 

carrier concentration might result from the decrease of grain size. The 

optimized IOFF and on/off current ratio of Zn(1-x)ZrxO thin films where x = 

0.03 were 3.24 × 10-13 A/μm and 8.89×106, respectively. 

In Chapter 5, we investigated the electrical performance improvements 

of sol-gel derived Zn0.97Zr0.03O-TFTs incorporating high-k BST as gate 

insulators. Due to the (110) preferred orientation provided by BRO bottom 

electrodes, the dielectric constant enhancement and leakage current 

restraint of BST films were observed. By using BST gate insulators in 

Zn0.97Zr0.03O-TFTs, the high gate capacitances reduced the operation 

voltage of the devices. Inasmuch as BST gate dielectrics represented 

superior interface trap density, the electrical performance including 

mobility, threshold voltage and subthreshold slope of Zn0.97Zr0.03O-TFTs 

were significantly improved. The optimized mobility, threshold voltage and 

subthreshold slope of Zn0.97Zr0.03O-TFTs consisted of BST gate insulator 

deposited at 300°C with a rε  of 151 were 1.40 cm2/Vs, 1.45 V and 0.61 
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V/dec, respectively. 

 

6.2 Further Recommendations 

 

There are some interesting topics for further study.  

(1) As described in Chapter 3 and 4, the Mg and Zr additives successfully 

suppress the off-state current and increase the current modulation of the 

Zn(1-x)MxO-TFTs. However, the annealing temperature of more than 

400°C is still too high for display process. One of the ways to lower the 

annealing temperatures is to attempt another sol-gel precursor system. It 

would be an interesting topic to lower the annealing temperature of the 

Zn(1-x)MxO-TFTs.  

(2) In the studies of silicon-based TFTs, the recrystallization processes such 

as solid state, laser annealing, metal induced, and metal-induced lateral 

crystallization enhance the crystalline of the semiconductor and thus 

improve the electrical performance of the devices. Some further studies 

of sol-gel-derived Zn(1-x)MxO-TFTs could be done by introducing the 

recrystallization processes mentioned above. 

(3) The (Ba,Sr)TiO3 high-k gate insulators improve the electrical 

characteristics, as described in Chapter 5, as a result of their higher 

dielectric constants and lower interface trap densities than that of SiO2. 

However, there are some other high-k candidates exhibit excellent 

performance, such as HfO2, ZrO2, and Ta2O5. A further study of 

attempting another high-k gate insulators to improve the electrical 

characteristics is suggested.  
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